The awareness of the need for environmental protection is increasing throughout the world. The focuses of green supplier selection are on considering environmental criteria and strengthening the competitiveness of the entire supply chain. The purpose of this study is to develop a green supplier selection procedure for the thin film transistor liquid crystal display (TFT-LCD) industry using polarizer suppliers as an example. First, a decision framework for green supplier selection is developed based on literatures and the supplier audit forms provided by an anonymous flat panel display manufacturer in Taiwan. Then, a hybrid multiple criteria group decision-making (MCGDM) method is proposed based on analytic hierarchy process (AHP), entropy, elimination and choice expressing the reality III (ELECTRE III), and the linear assignment method to assist the manufacturer in choosing among four polarizer suppliers. The final ranking results for green supplier selection and different opinions from each department are provided. An improvement report is suggested to enhance suppliers' performance. For the evaluation procedure, most managers emphasize the importance of current capability and the capability of research and development. Furthermore, we found that the subsidiary supplier should improve quality control competence immediately to be considered as the potential candidate of primary supplier.
Introduction
With the increasing concern about environmental protection, many enterprises have taken more and more responsibilities for their products to reduce pollution and damage in our environment. Another driver is the environment-protection consciousness from consumers who urge the companies to enhance their ability to make their products greener. Therefore, green supply chain management (GSCM) is considered as a systematic and integrated approach for companies to maintain their sustainability and competitiveness in the market. Among the issues of GSCM, green supplier selection is a crucial issue in improving environmental performance. Therefore, this study focuses on how to develop an effective green supplier selection procedure and facilitate the improvement of the suppliers' performance.
In Taiwan, the optoelectronics industry is the core to promote economic growth, and it is greatly influenced by international regulations, especially those in Europe.
The Photonics Industry and Technology Development Association (PIDA), an organization established by entrepreneurs and academics in Taiwan, reported that the highest output value of the optoelectronics industry was the thin film transistor liquid crystal display (TFT-LCD) industry. The output value of the TFT-LCD industry was approximately US$35.5 billion in 2013, which was approximately 28% of the global output value [1] . Hung [2] noted that, in addition to the well-known competitors in Japan and Korea, TFT-LCD industries in China have emerged due to government support, cheap labor, and an extensive market. Therefore, Taiwanese manufacturers face challenges of making efforts to provide green products that conform to environmental regulations and meet the customers' requests. Consequently, green supplier selection has emerged as an important issue for companies to sustain their market.
Many companies have continually integrated environmental criteria into the supplier audit forms in the past few years, and they have typically used a simple additive 2 Mathematical Problems in Engineering method to rank the suppliers. However, an effective method is necessary to obtain more information for improving the suppliers' performance. Therefore, the purpose of this study is to develop an effective and systematic evaluation procedure to support the green supplier selection process for the TFT-LCD industry. We attempt to address three research questions. First, we construct a decision framework for green supplier selection suitable for the TFT-LCD industry. Second, we design and propose an effective decision method for ranking and selecting the suppliers for the case-studied TFT-LCD panel manufacturer. Finally, we investigate ways to continuously improve suppliers' performance.
In recent years, within the extensive literatures on traditional supplier evaluation and selection [3, 4] , issues related to the decision-making tools for green supplier selection have gained increasing interest among researchers [5] [6] [7] [8] [9] . Lee et al. [10] divided the green supplier selection model into two stages. The first stage is to differentiate the traditional criteria from the green criteria, and the second stage is to evaluate green suppliers for a high-tech industry using a fuzzy-extended analytic hierarchy process (AHP) method, which is relatively easier. Tuzkaya et al. [11] proposed a hybrid fuzzy multicriteria decision approach, integrating the fuzzy analytic network process (ANP) and a fuzzy outranking method to evaluate suppliers' environmental performance. Kuo et al. [12] integrated artificial neural networks and two multiattribute decision analysis methods (data envelopment analysis and ANP) for green supplier selection. Zhu et al. [13] integrated an ANP method into a green supplier management process model based on portfolio analysis. Büyüközkan [14] applied fuzzy AHP and fuzzy axiomatic design with group decision-making method to select the most appropriate green supplier. Büyüközkan and Ç ifçi [15] combined a fuzzy decision-making trial and evaluation laboratory (DEMATEL), a fuzzy ANP, and a fuzzy technique for order preference by similarity to an ideal solution (TOPSIS) method to evaluate green suppliers for the case of Ford Otosan Company. Hsu et al. [16] used a hybrid multiple criteria decision-making (MCDM) model to evaluate problems related to recycled materials vendors. The model proposed by Hsu et al. [16] also considered environmental criteria. The results showed the best vendor and revealed the criteria needed for improvement. Govindan et al. [17] used linguistic scale to determine the experts' subjective weights and applied fuzzy TOPSIS method for suppliers' ranking. Shen et al. [18] proposed fuzzy multiple criteria approach on the basis of the fuzzy TOPSIS method for green supplier evaluation. Yazdani [19] combined fuzzy AHP and fuzzy TOPSIS method for green supplier selection in the automobile manufacturing industry. Chen and Freeman [20] proposed an integrated MCDM approach combining AHP, entropy, and TOPSIS to rank green suppliers. Kannan et al. [21] considered linguistic expression for criteria weights and rank green suppliers using fuzzy TOPSIS method. Zhao and Guo [22] applied fuzzy entropy-TOPSIS approach to select green supplier of thermal power equipment in China.
According to the previous studies, AHP or ANP is usually adopted to obtain the subjective weights of each criterion. The main difference between AHP and ANP is that AHP assumes the independent hierarchies and elements in a decision structure while ANP allows dependence and feedback characteristics among hierarchies and elements. In this study, we will develop a decision framework based on literature review and supplier audit forms of each department. In practice, each department usually designs relevant items on their supplier audit forms and separately evaluates green suppliers' performance. Consequently, the AHP method is more suitable for green supplier selection in the TFT-LCD industry at the current stage. Chen and Freeman [20] applied AHP with entropy weights to determine the compromised weights of criteria for green supplier selection. Based on information theory, the entropy method is a useful method to explore the objective weights determined by a decision maker (DM) and this can avoid overly subjective weights. Therefore, this study considers both subjective weights and objective weights of criteria using the AHP-entropy method. In this study, the combined criteria weights, along with the survey data for empirical analysis, are more suitable for real-world applications.
The issue of green supplier selection is a typical MCDM problem [5] . Few studies have been published about green supplier selection using the MCDM method, especially the outranking method [6] . The main feature of the existing studies is the comparison of all feasible alternatives or actions [23] . The goals of decision-making tools have shifted from finding the right solution to a problem to trying to provide support to the DMs to allow them to advance in the decision process [24] . Therefore, instead of providing a strictly rankbased result, it is even more important to present a result that expresses the DMs' opinion. To accomplish this goal, we adopted the elimination and choice expressing the reality III (ELECTRE III) method, which takes complex information from the traditional and environmental appraisal and ranks the various project options considered. The ELECTRE III method has been shown to be useful when involving many DMs and in the cases where the outcomes of the various alternatives remain uncertain to some degree [25] . It has the characteristics of considering the situations of incomparability and indifference, which causes the ranking result to truly reflect the DMs' opinions. For green supplier selection, many criteria, either qualitative or quantitative, need to be taken into consideration and the ELECTRE III method can also address these criteria simultaneously. Moreover, green supplier selection involves the consideration of multiple feasible alternatives. The ELECTRE III method provides not only the ranking results, but also assistance to suppliers for improvement.
A further point needs to be considered. In real-world applications, green supplier selection is generally a group decision-making process, but most of the previous studies have discussed green supplier selection from the viewpoint of a single DM. A common way to address group decisionmaking problems is to aggregate the weight of the criteria of each DM using the geometric mean [29, 30] . However, few studies have concentrated on aggregating the DMs' evaluation results, while their opinions are important and different in practice. Then, the managers can find a cure for the problem. Thus, green supplier selection is further counted as a multiple criteria group decision-making (MCGDM) problem. Bernardo and Blin [31] developed the linear assignment method (LAM) for aggregating a set of ranking results. LAM can aggregate the DMs' ranking results, and it also considers the DMs' weights based on their authority. This study uses LAM to aggregate the different ranking results of each DM based on the results of the ELECTRE III method.
The rest of this paper is organized as follows. Section 2 is the review of recent researches on green supplier selection and the development of a framework for the process of green supplier selection based on the reviewed literatures and supplier audit forms offered by an anonymous TFT-LCD manufacturer (the case-studied company in this paper) in Taiwan. Section 3 is the introduction of the proposed method, which combines AHP, the entropy method, ELEC-TRE III, and LAM. Section 4 is the application of the proposed method to a green supplier selection case and the results. Further discussions and managerial implications are presented in Section 4. In Section 5, concluding remarks are provided.
Green Supplier Selection Criteria
Due to economic globalization, green procurement can enhance firm competitiveness in GSCM, and green supplier selection has an important role in green procurement. In this section, we will introduce the proposed framework for green supplier selection based on literatures and supplier audit forms from Y-TECH (for confidentiality, a pseudonym is used throughout the study), a well-known TFT-LCD manufacturer in Taiwan and the main case studied in the present research. In this section, we review the published studies and compare them with the supplier audit forms.
According to supplier audit forms from each department, the proposed decision framework can be divided into three aspects: environmental factors (environment, safety, and health [ESH] [32] [33] [34] [35] [36] . A few studies have focused on environmental performance for supplier selection [37, 38] . For developing the decision framework, we review the recent published studies of green supplier selection [10, 12, 14, [26] [27] [28] to check the related criteria for each aspect.
Lee et al. [10] suggested that the framework of green supplier selection for high-tech industry should include six aspects and 23 criteria, but they presented a limited discussion of several important and traditional criteria, such as delivery, price, and financial stability. Kuo et al. [12] determined the green supplier selection criteria based on literatures and a Delphi expert questionnaire, presenting six aspects and 24 criteria, sent to ten experts. Tseng and Chiu [27] proposed 18 GSCM criteria through comprehensive discussion and literatures for a printed circuit board 2 : strategic fit [10] 3 : environmental control [14] 4 : recovery [26] Enterprise operating 5 : price [12] 6 : finance stability [10] 7 : quality control [12] 8 : out-of-control management [12] 9 : delivery [14] 10 : flexibility [27] 11 : maintenance and support [27] Strategic technology and development 12 : current capability [28] 13 : R&D capability [10] 14 : compatibility across levels [14] 15 : information share [27] manufacturer. Using the framework proposed by Tseng and Chiu's [27] , we included supplier relation closeness in our proposed framework to carry out the suppliers' connection to green supplier selection. Supplier relation closeness is an important criterion in the supplier audit forms. It contains the implication of communication channels, information sharing, instant feedback, and resource-sharing platform among the suppliers of the supply chain. Lin [26] examined the cause and effect relationships among the eight criteria to evaluate GSCM practices using fuzzy DEMATEL. Because all of the criteria are related to GSCM practices, we adopted some environmental criteria in our proposed framework. Büyüközkan [14] described the framework of green supplier selection based on the literatures about automotive industry, including three aspects and 12 criteria. In sum, most of the published studies have developed a framework for green supplier selection based on previous studies and interviews, possibly because interviewing is the most convenient way to link the reviewed studies with the real cases. In this study, we develop a suitable decision framework of three aspects and 15 criteria for green supplier selection, as shown in Table 1 .
The Proposed Hybrid MCGDM Method
To construct a systematic evaluation to support the process of green supplier selection, we propose a hybrid MCGDM method of four stages. The first stage evaluates the subjective criteria weights of each DM based on the AHP method.
At the second stage, we consider entropy to evaluate the objective criteria weights of each DM. At the third stage, we use ELECTRE III to rank and improve the suppliers. For the fourth stage, LAM is used to integrate the ranking results of each DM based on the result of the third stage. Suppose a set of alternatives is ( 1 , . . . , , . . . , , . . . , ) and the criteria are defined as ( 1 , . . . , , . . . , ). There are a number of DMs denoted as ( 1 , . . . , , . . . , ). The weights of each criterion for DMs are and , representing the performance value of alternative under criterion . The AHP method, the entropy method, the ELECTRE III method, and LAM are described as follows.
The AHP Method for Determining the Subjective Weights.
Saaty [39, 40] used AHP to determine the DM's subjective weight in a hierarchical structure. All decision problems can be considered as having a hierarchical structure. The important advantage of AHP is that a decision problem can be decomposed into a number of subsystems [41] , and a complicated decision problem can be systematized to a hierarchical structure. The hierarchical structure starts with a goal and then moves to the intermediate level, containing aspects and criteria, and the alternatives are at the bottom. In this study, the first level is the goal for the overall objectives of the problem for green supplier selection. The second level is decomposed into three aspects, and each aspect can also be decomposed into several criteria, as shown in Table 1 . If the criteria at the low levels exist, the criteria at the lower levels can be generated based on the same principle. After constructing the hierarchical structure of the problem for green supplier selection, the next step is to survey the comparative weights among the aspects/criteria with a 1-9 point scale ranging from equally important to extremely important to build the comparison matrices. The subjective weight of criterion can be found with respect to the maximum eigenvalue of the comparative matrix for DM , which can be expressed as . Then, we can further check the consistency index (C.I.) and consistency ratio (C.R.) of each comparison matrix via the following equation:
The C.I. and C.R. values should not be larger than 0.1 for a confident result. If C.I. or C.R. value is larger than 0.1, we will interview manager or assistant manager for the inconsistent comparative weight and further adjust the value.
The Entropy Method for Determining Objective Weights.
The entropy method is used to evaluate the objective weights, which is an important concept in information theory [42] . This concept measures the expected information content of a specific message [43] . If the entropy measure is larger, the information contained is less. Therefore, we can decide the objective weight of each criterion based on the information contained in the decision matrix. First, a decision matrix is a matrix whose elements express the performance of an alternative with respect to a criterion. Then, the decision matrix can be normalized in a linear manner, which can be described as
wherẽ=
Then, the degree of diversification of the normalized decision matrix can be considered using the following equation:
where = 1/ ln and is a constant. Finally, the objective weight of criterion can be obtained as follows:
In this study, according to the subjective weights and objective weights, the compromised weights of criterion for DM can be expressed as
The ELECTRE III Method to Evaluate the Performance of
Suppliers. The ELECTRE III method, proposed by Roy [44] , was designed to address inaccurate, imprecise, uncertain, or ill-determined data, such as qualitative data. ELECTRE III not only evaluates the best choice, but also presents a specific ranking result and leaves the final selection to the DMs. For the issue of green supplier selection, ELECTRE III is chosen as a suitable method, and it involves aspects that are often neglected by other methods for yielding relatively stable results [45] . Before we illustrate ELECTRE III, we define three threshold values that establish the DM's preference for each criterion , including indifference, preference, and veto thresholds. The indifference threshold ( ) indicates a gap between the evaluation scores that are still compatible with a situation of indifference. The preference threshold ( ) expresses the minimum difference between the values of criterion , to which the DM attributes significance in terms of strict preference. The veto threshold (V ) expresses the minimum difference between the values of criterion beyond which the DM believes the gap between the two scores cannot be compensated by the good performance of the other criteria. In this study, these thresholds for each criterion were set by interviews with DMs. Then, outranking degree can be defined as that alternative outranks alternative for DM , which can be calculated by the following equation:
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We then consider rejecting degree which means alternative is dominated by alternative under criterion as follows:
Therefore, the overall outranking degree of DM can be considered with outranking degree and rejecting degree, which is called overall outranking degree as indicated in the following equation:
where ( , ) is the set of criteria such that ( , ) > ( , ). The final step is to exploit the model and produce a ranking result from the overall outranking degrees. The general approach for exploitation is to construct two preorders 1 and 2 using the descending and ascending distillation process and then combine these two to produce a partial preorder = 1 ∩ 2 . The descending process is to classify the alternatives from the best to the worst, while the ascending process is from the worst to the best [46] [47] [48] .
The LAM for Integrating Ranking Results of DMs.
Bernardo and Blin [31] developed LAM to transform individual ranking result into an overall ranking result. Therefore, LAM can integrate the ranking result of each DM into an overall ranking result. We can apply this simple method to sum the ranking score from each DM and rank the overall score from the lowest score to the highest score [43] . If an alternative is ranked as the first order, the alternative gets one point. If an alternative is ranked as the second, it gets two points, and so on. On the other hand, LAM also considers the weights of the DMs to integrate the overall ranking result. In our case study, we consider the weights of DMs based on their positions. For example, the R&D department has approximately 27% of the decision-making power for green supplier selection, so the weight of the R&D department is 0.27 in the procedure of green supplier selection. LAM can be illustrated as follows. First, an overall ranking matrix is established as Π = [ ], where represents the weighted frequency that is ranked the th with the different weights of the DMs. Then, depending on the above overall ranking matrix, we formulate a linear programming model to optimize the permutation. The linear programming model uses the binary decision variables . The decision variable = 1 means is assigned to the th overall rank and = 0 otherwise. Obviously, one alternative can be assigned to only one rank, and one rank can only be assigned by one alternative. Therefore, the linear programming model can be written as follows:
∈ {0, 1} , , = 1, 2, . . . , .
Application Case
Y-TECH is the first manufacturer in Taiwan to mass-produce TFT-LCD panels, and it is also one of the top five TFT-LCD panel manufacturers in the world. By utilizing the data coming from Y-TECH, we aimed at providing a useful evaluation method with continuous improvement. Because of the global competitive market, the well-known TFT-LCD manufacturers hope to develop and invest in their suppliers, especially for some of the important components for TFT-LCD panel, such as the color filter, back-light unit, and polarizer. Because good suppliers may affect the manufacturer's performance and competitiveness and the entire supply chain, in this study, we demonstrate the supplier evaluation procedure and provide information about supplier assistance for TFT-LCD manufacturers.
Study Background.
In the polarizer industry, the polarizer manufacturer of the highest market share is in South Korea, while the Japanese polarizer manufacturer has the second highest market share. In recent years, Y-TECH mainly depended on materials and technical support from Japanese polarizer manufacturers. Also, the Korean polarizer manufacturers have aggressively intervened in the supply chain of Taiwanese TFT-LCD industry. Y-TECH has started to reconsider its supplier evaluation procedure and involved the group of GPM department in auditing and evaluating its suppliers. Figure 1 shows the new decision procedure for green supplier selection at Y-TECH. Before being a formal polarizer supplier in Y-TECH, the candidate companies should pass a two-stage assessment. At the first stage, a new polarizer supplier should accept a preliminary survey by the teams of MM and SQM departments, and then the teams of SQM, ESH, and HR departments further execute the preliminary audit for the polarizer suppliers. A qualified polarizer manufacturera should pass at least 70% of the items on all supplier audit forms. At the second stage, the formal evaluation is conducted by the teams of SQM, MM, RD, and GPM departments. After the second-stage assessment, the qualified polarizer suppliers will be ranked in the first tier if they pass more than 80% of the items on supplier audit forms, and the suppliers, passing 70%-80% of the items, will be ranked in the second tier. If the qualified polarizer supplier passes fewer than 70% of the items, it will be regarded as disqualified. All of the formal suppliers are reviewed regularly by the teams of SQM, ESH, and HR departments. Furthermore, IS9001, ISO14001, and OHSAS18001 certifications are not necessary in the evaluation procedure because Y-TECH will assist their formal suppliers to apply for environmental certifications within a limited time. The first-stage assessment is the preliminary survey and audit, so we focus on applying the proposed MCGDM method to the formal evaluation for the assessment at the second stage.
In this case study, although four qualified polarizer suppliers for Y-TECH outperformed in all other suppliers for the first-stage survey, our focus will be on supplier 3 because it is a subsidiary company for Y-TECH. In fact, strategic purchase is an important strategy to enhance competitiveness in the TFT-LCD industry. Therefore, the decision procedure is not only to select the subsidiary into the supply chain but also to provide improvement reports for the subsidiary company. Additionally, it is expected that the subsidiary supplier will be the primary one. In addition to the three aspects and fifty criteria (as mentioned in Section 2), we also surveyed 12 managers on the expert committee. In practice, the SQM department holds 36% of the decision-making power, the MM and R&D departments 27%, and the GPM department 10% to select suitable suppliers during the decision-making process.
Empirical Results.
First, we designed a questionnaire for 12 experts to measure the comparative weights between the aspects and criteria. Table 2 presents the subjective weights of each criterion for DMs based on AHP. The managers of MM, RD, GPM, and SQM departments are { 1 , 2 , 3 }, { 4 , 5 }, { 6 , 7 , 8 , 9 }, and { 10 , 11 , 12 }, respectively. Then, we focused on the criteria weights that were 1.5 more than the average weight (0.1). Notice that many managers think In particular, GPM department does not give more weight to environmental factors, and the average weight of environmental factors is only 0.054. The most likely reason is that the GPM department holds less decision-making power. GPM department is concerned with quality control ( 7 ), current capability ( 12 ), and R&D capability ( 13 ), and the average weights are 0.102, 0.196, and 0.168, respectively. Overall, the managers of GPM department are still concerned with the current capability ( 12 ) and the R&D capability ( 13 ). Finally, SQM department focuses on the strategic fit ( 2 ), current capability ( 12 ), R&D capability ( 13 ), and information share ( 15 ), and the average weights of these factors are 0.150, 0.191, 0.169, and 0.184, respectively. Based on our expectation, SQM department is not significantly concerned with quality control ( 7 ) or other criteria of the enterprise operation, and the average weight for quality control ( 7 ) is only 0.066. However, SQM department emphasizes the importance of information share ( 15 ). Information share brings the benefit of enhancing the competitiveness of the entire supply chain, especially technology development. In sum, SQM department focuses on the criteria of strategic technology and development. Thus, to avoid overly subjective weights, we include the entropy method in the proposed evaluation procedure using (2) through (5). The objective weights of the criteria are shown in Table 3, while Table 4 indicates the compromised weights of the criteria for each DM by (6) . After the compromised criteria weights of the DMs are decided, we further apply the criteria weights and the performance to the ELECTRE III method, (7) through (10), to evaluate the four polarizer suppliers. For each DM, the outranking degree of any two alternatives can be calculated by (7) , and the results are shown in Table 5 . For example, for manager 1 , the outranking degree of alternative 1 to alternative 3 is 0.743, and the outranking degree of alternative 3 to alternative 1 is 0.493. Obviously, manager 1 believes 8 Mathematical Problems in Engineering that alternative 1 is superior to alternative 3. However, a characteristic of the ELECTRE III method is that a penalty is set if the alternative performs the worst for a criterion. Thus, we can use (9) to calculate the rejecting degree due to the penalty, and the overall outranking degree can be obtained by (10) as shown in Table 6 . As another example, for the 6 manager, the outranking degree of alternative 3 to alternative 2 is 0.632, but the overall outranking degree of alternative 3 to alternative 2 is 0.000. This means that alternative 3 performs too poorly to be accepted based on some criteria. The results presented in Table 7 show that alternative 3 performs too poorly on quality control ( 7 ) and delivery ( 9 ). The rejecting degrees for quality control ( 7 ) and delivery ( 9 ) are 1.000 and 0.778, respectively, which Reject degree 0.000 0.000 0.000 0.583 0.407 0.000 1.000 0.288 0.778 0.000 0.000 0.000 0.000 0.000 0.000 are obviously larger than the outranking degree of 0.632. In the next section, we further discuss which criteria should be improved immediately. Accordingly, we can establish the descending and ascending distillation for each DM, and the ranking results are shown in Table 8 . Finally, LAM is applied to establish linear programming for integrating the opinions of each DM. According to the decision-making power of each department, the overall ranking matrix is shown as follows: 
Therefore, we can formulate a linear programming model using (11) and obtain the solution, which indicates that the overall ranking result is 1 ≻ 3 ≻ 4 ≻ 2 . The best supplier is supplier 1, and the subsidiary company of Y-TECH is second only to supplier 1. Supplier 4 is ranked third, and supplier 2 performs the worst in this evaluation.
Discussion and Implications.
In this study, we aim to propose a hybrid MCGDM method to evaluate and assist suppliers. At the first stage, we use the AHP method to measure the subjective weights of the criteria for each DM. Based on the results of the AHP method, it is obvious that most of the managers value the importance of current capability and R&D capability, and this suggests that Y-TECH places a great emphasis on technology development. In the FPD industry, due to the rapid development of new technology, many wellknown enterprises regularly release new products to market every year. A challenge for Y-TECH includes the development of other technologies, such as organic light-emitting displays (OLED). For example, the OLED panel led to the reduction of the demand for small and medium TFT-LCD displays in the global market in 2010. Therefore, to enhance competitiveness, TFT-LCD manufactures connecting with the suppliers in the entire supply chain should continuously develop new technology. Quality control is an important criterion secondary only to technological capability. At the early stages of applying a new technology to a new product, the yield rate of the new product is low. Consequently, it is important not only to develop the new technology, but also to maintain a highly qualified product. Currently, because Table 9 : The worst performing criteria of each alternative.
GPM department processes less decision-making power for green supplier selection, it is obvious that environmental factors are not significantly considered in the evaluation procedure with the exception that R&D department should design new products, and the related materials must be listed for MM department. Then, MM department can place an order and ask the suppliers to follow the list. SQM department is concerned with technological capability as well as information share. Vertical integration is an important enterprise policy for the TFT-LCD industry, and strategic purchase is a method for the implementation of vertical integration. As mentioned before, the key components of TFT-LCD panels that are produced in-house have gradually increased year by year, so information share is also an important criterion for cultivating the core capability of enterprise and establishing a competitive advantage. Furthermore, all of the criteria play important roles in the evaluation procedure for green supplier selection. If the proposed hybrid MCGDM method only adopts the AHP method, it will most likely lead to the oversubjective weighting of the criteria. Therefore, we apply the entropy method to consider the weights of the criteria simultaneously. ELECTRE III is applied to evaluate the suppliers. During the evaluation procedure, we compare the outranking degree and the overall outranking degree and then decide which criterion should be improved immediately for each alternative, as shown in Table 9 . If the overall outranking degree of a criterion decreases to zero (comparing to outranking degree), this criterion should be improved immediately. For the best supplier, supplier 1 ( 1 ), the 10 manager suggests that alternative 1 should strengthen communication with Y-TECH by taking actions such as improving cooperation for the development of new products and instant market information share ( 15 ). In this case study, one of the most important aspects is how to provide assistance to the subsidiary company ( 3 ) of Y-TECH. Table 9 indicates that if supplier 3 improves quality control ( 7 ) for polarizer production, its performance will be improved significantly. Generally, it is contended that managers should be concerned about criteria related to their job description. Due to limited enterprise resources, the order of executing enterprise improvement is also an important issue. Following the useful proposed method, the discovery of the criteria that need to be improved will become easy.
Different from many previous studies, this study does not integrate the weights of the criteria at the first stage. In fact, green supplier selection is a group decision-making problem, and integrating the weights would also lead to the loss of information. Therefore, we further consider the ranking results of each department as shown in Table 10 . Although these four polarizer manufacturers are the suppliers of Y-TECH, there are some differences among the ranking results of each department, especially for suppliers 2 and 4. As mentioned before, R&D department placed great emphasis on the "green" criteria, and supplier 4's good performance on these criteria is the reason for the different ranking results. Consequently, in this study, we proposed a novel method and viewpoint for green supplier selection, and we suggested that the weights of the criteria should not be integrated at the first stage because further discussions and communication are necessary to include the different opinions from each department. Additionally, we compare the results of the proposed method with the ones implemented by Y-TECH, that is, simple additive method in Table 10 . Both results show that supplier 1 has the best performance and is superior to supplier 3. Supplier 4 is in the third place, while supplier 2 is the worst. Furthermore, within the extensive literature on green supplier selection methods, the TOPSIS method was widely applied to evaluate green suppliers' performance [15, [17] [18] [19] [20] [21] [22] . Thus, we further compare the TOPSIS method with the proposed method, and the comparison is established on the basis of AHP-entropy criteria weights. In the TOPSIS method with AHP-entropy weights, supplier 3 is in the first place and superior to supplier 1, and supplier 4 and supplier 2 have the worst performance in this evaluation. Although the ranking results among the proposed method and other two methods are similar, the emphasis of this study is on how to improve the suppliers' performance in the TFT-LCD industry. More importantly, the results of the proposed method show that each department has its different opinions and viewpoints of improvement. Each department of the TFT-LCD manufacturers can assist their suppliers within the context of business perspectives.
Conclusion
In this study, we propose a hybrid MCGDM method for green supplier selection for Y-TECH. Our method focuses on not only the selection or ranking, but also the providence of assistance to suppliers to strengthen their competitiveness. This method also emphasizes continuous improvement. Due to the challenges and difficulties the TFT-LCD industries worldwide face, we intend to establish a systematic selection procedure for TFT-LCD manufacturers. We developed a decision framework for green supplier selection based on literatures and the supplier audit forms from Y-TECH. We considered AHP and the entropy method to measure the compromised weights of the criteria that involve subjective and objective opinions simultaneously. After that, the ELEC-TRE III method provides polarizer manufacturers' ranking results for executive managers in addition to improvement reports. The acquisition of key components used for inhouse production of TFT-LCD panels has gradually become a strategy for cost reduction and the enhancement of core capability. Thus, TFT-LCD manufacturers should strengthen their cooperation with their suppliers. Based on the results of the ELECTRE III method, we can compare the differences between the outranking degree and the overall outranking degree. Then, we further consider which criteria should be improved immediately, especially for the suppliers of strategic purchases. The results of this study provide an important reference for subsidiary companies that are seeking to be primary polarizer suppliers. Finally, differing from many of the previous studies, we do not integrate the weights of the criteria with regard to a single DM in this study. In other worlds, we integrate the ranking results of each DM instead of the weights of the criteria. In the proposed evaluation procedure, LAM places more emphasis on the discussion and communication among a group of DMs, which is consistent with the practical case.
In summary, the result of this study can be regarded as a problem-solving process for green supplier selection. Regardless of the proposed method or analytic procedure, we aim at helping TFT-LCD manufacturers to establish a systematic and useful evaluation procedure via the current study. Because all of the supplier audit forms are in Microsoft Excel 2010 spreadsheets, the proposed method is easy to apply using the same file. Executive managers can consider the performance of all suppliers and refer to the results of the proposed method. Three main contributions are made in this study. First, depending on the literatures and supplier audit forms, we develop a decision framework for the TFT-LCD industry. Second, we propose the useful, systematic, and flexible hybrid MCGDM method (based on the business process) and improve the current evaluation procedure. Third, we place more emphasis on improving suppliers to enhance the competitiveness of entire supply chain, especially the subsidiary company. In practice, green supplier selection is evaluated by each department separately, and all criteria are regarded as independent. In recent years, increasing attention has been given to the interdependent relationships among the criteria [15, 16, 26, 49] . Therefore, future studies are necessary to clarify the interrelations among the criteria. We hope that more detailed information influencing the relationships between the criteria can be provided in future research. Consequently, it would be more efficient to improve the supplier selection process for the entire supply chain in the future work.
